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Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de la
Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Radicado N°14-12252-00000-0000 22/Enero/2014
Reivindicaciones: Radicado N°14-12252-00000-0000 22/Enero/2014
Dibujos: Radicado N° 14-12252-00000-0000 22/Enero/2014
Secuencias: Radicado N° 14-12252-00000-0000 22/Enero/2014
Prioridad: US 61 513 259 29/Julio/2011

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion
De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10

de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la
tasa pagada por la solicitante al momento de comenzar el examen para las
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reivindicaciones adicionales; esto es que cuando la solicitud contenga mas de diez (10)
reivindicaciones y no se haya pagado la tasa complementaria, sélo se estudiaran las
cubiertas por la tasa pagada. En el presente caso se estudiaran las reivindicaciones 1 a
12 del capitulo reivindicatorio (Radicado N°. 14-12252-00000-0000).

Titulo de la solicitud: “RECEPTORES COESTIMULADORES DE CAMBIO”

El problema planteado en esta solicitud consiste en la necesidad de obtener nuevas
proteinas de fusién quimeérica.

Para resolver este problema técnico la solicitud en estudio proporciona una nueva
proteina de fusién quimérica de manera que cuando se manifiesta en una célula puede
convertir en una sefal negativa en una sefal positiva en la célula.

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): AG1K 48/00; A61K 38/17.

4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 10-12 no es patentable de acuerdo con el Art citado,
porque menciona la administracion Para tratar un sujeto que lo necesita, por lo tanto es
considerado una excepcion a la patentabilidad

5. De la solicitud de patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1-6 no son claras puesto que mencionan una proteina de fusioén, la
cual no se encuentra caracterizada estructuralmente, lo cual no permite distinguir el
objeto de la invencion del estado de la técnica. Se sugiere a la solicitante mencionar las
caracteristicas estructurales de la proteina de fusion, es decir, por medio de las SEQ ID
No que conforman dicha proteina de fusion.

Las reivindicaciones 1-2, 4-9 no son claras puesto que mencionan “donde dicho primer
dominio es un polipéptido que esta asociado con una sefial negativa y dicho segundo
dominio es un polipéptido que esta asociado con una sefial positiva”, “un dominio de
reconocimiento de antigeno de un anticuerpo especifico y un dominio intracelular de la
cadena CD3-zeta”, lo cual es considerado un resultado a alcanzar y no define la
proteina de fusidén por sus caracteristicas estructurales, puesto que las reivindicaciones
incluirian no soélo la solucion propuesta por la solicitante, sino todas las alternativas
presentes o futuras que lleguen a ese resultado. Se sugiere reemplazarlo por las
caracteristicas esenciales, que contribuyen a la obtencion de ese efecto.

6. Determinacion del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad: 29 de julio de 2011, y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicacién
Cutting edge: monovalency of
CD28 maintains the antigen

D1 Dennehy KM1, Elias 17/Mayo/2006
dependence of T  cell
F, J Immunol. -
costimulatory responses.
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El documento D1* divulga construcciones bivalentes de CD28 mediante la fusion de los
dominios extracelulares de CTLA-4 o CD80 con los dominios intracelulares de CD28
(Resumen).

7. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacion 1 consiste en: “Una proteina de fusion que comprende un primer
dominio y un segundo dominio, en donde dicho primer dominio es un polipéptido que
esta asociado con una sefial negativa y dicho segundo dominio es un polipéptido que
esta asociado con una sefial positiva.” (Radicado N°. 14-12252-00000-00000).

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D1
Una proteina de fusion que comprende un
primer dominio y un segundo dominio, en

Una proteina de fusiéon que comprende un primer

dominio y un segundo dominio, en donde dicho : . oS Lo
. - L ; donde dicho primer dominio es un polipéptido

primer dominio es un polipéptido y dicho segundo . L O
y dicho segundo dominio es un polipéptido

dominio es un polipéptido (Pag. 5726, Col. izq., Fig. 1)

Las caracteristicas esenciales de la proteina de fusién de la reivindicacién 1 habian sido
divulgadas previamente en el documento D1, el cual da a conocer una proteina de
fusion que comprende un primer dominio y un segundo dominio, donde las
construcciones son bivalentes de CD28 mediante la fusion de los dominios
extracelulares de CTLA-4 o CD80 con los dominios intracelulares de CD28 (Pag. 5726,
Col. izqg., Fig. 1).

En consecuencia, la reivindicacion 1 carece de novedad, segun lo divulgado en el
documento D1.

Las reivindicaciones dependientes 2-9 no mencionan alguna caracteristica que haga
nuevo la proteina de fusion de la reivindicacion 1, por lo cual se considera que no son
nuevas.

8. Conclusion

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

‘ Reivindicaciones Requisito que
Item Documento
afectadas afecta
D1 Dennehy KM1, Elias F, J Immunol. 1-9 Novedad
Lhttp://www.jimmunol.org/content/176/10/5725.full.pdf+html
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, o0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

-

—5

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

%T-Ta

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2015-09-01

Elabord: Juanita Andrea Carvajal
Revisé: Sandra Carolina Crespo
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INFORME DE BUSQUEDA DE PATENTES PARA EL No de Radicacion: 14-12252-00000-0000

CRITERIOS PARA LA BUSQUEDA (anexar pantallazo o reporte en PDF, junto con los boleanos
utilizados)

Palabras clave utilizadas

Proteina de fusion, CD28, CTLAA4.

CLASIFICACIONES
INTERNACIONALES
UTILIZADAS PARA LA

BUSQUEDA

AG1K 48/00, AG1K 38/17

BASES DE DATOS CONSULTADAS.

Patentscope

jimmunol

Google/patents

jimmunol

INFORMES DE EXAMENES REALIZADOS EN OTRAS OFICINAS (documentos patentes, literatura no
patente etc...)

Oficina

Fecha del
examen o de
reporte de
busqueda de
documentos

Anterioridades encontradas para
el examen o reportados en el
examen de
busqueda(relacionarlos todos)

FUERON TENIDOS EN CUENTA
PARA EL EXAMEN EN LA
RELEVANCIA OFICINA COLOMBIANA

Reiv. L
(requisito que

afectadas afecta)

Sl NO

EUROPEA

16/10/2012

Dennehy, Cutting Edge:
Monovalency of CD28
Maintains the Antigen
Dependence of the T Cell

Costimulatory Responses

1-12 Novedad/vaeI X
Inventivo

Zhao, Multiple Injections of
Electroporated Autologous
T Cells Expressing a
Chimeric

Antigen Receptor Mediate
Regression  of  Human
Disseminated Tumor.
Cancer

8,11,12

Nivel Inventivo X

Carpenito, Control of large,
established tumor
xenografts with genetically
retargeted

human T cells containing
CD28 and CD137 domains

10-12

Nivel Inventivo X

Paulos, Putting the brakes
on BTLA in T cell-mediated
cancer immunotherapy.

10-12

Nivel Inventivo X

US 2010/0316646

1-12 Nivel Inventivo X

DOCUMENTOS ADICIONALES ENCONTRADOS POR EL EXAMINADOR DE ACUERDO A LOS
CRITERIOS DE BUSQUEDA.

BUSQUEDA DE SECUENCIAS
Namero de depdsito / patente y N° de secuencia
% de identidad

SEQ ID NO
(de la solicitud)

NCBI The Lens

EMBL-EBI DDJB Genome Quest

N.A




Google  proTEN oF fusion cD28
Académico Aprocemadarmante X2 800 maxttados (0,09 5) Cuslquier momento +

Sugerencio Buscar solo resultados en espafiol. Puedes especdicar of ihoma de bisgueda en Configuracion de Google Académeco

B70 antigen is a second kgand for CTLA-4 and CD28

M Azuma, D ito, H Yagta K Okumnura JH Phiips. - Nature 1923 - nature com

s fusion protain to human B-lymphablastoid call lines and. fogethar with anti-B7 antibody, compietely
blocked CTLA4 binding Further T2 efficiently inhibited primary allogeneic mixed lymphocyte
iesporass These findings indeale that B70 is a second ligand for CD28 and CTLA ..,

Citado por 853 Articulos miacionades  Las © versicnes  Citar  Guardar

Mechanism for down-reguiation of CD28 by Nef nih gov [HIML)
T Swigut, N Shondy. J Skoaronski - The EMBO journal, 2001 - emboy embopress o

o Abstract SIV and HIV Nef proteins disrupt T-cell receptor machnery by down-modulatng cell

surface exprassion of COM and expression or signakng of CO3-TCR. .., In cells expressng a

Nef-green fricrescent protein (GFP) fusion CD28 co-locaizes with the AP-2 clathen ...

Citado por 210 Artlieudos relacionados  Las 11 versiones  Citar  Guardar

Negatve-fesdback regulation of CD28 costimulation by a novel mitogen-activated  jimmunol org [HTML]
protein kinase phosphatase, MKPE

F Marti, A Krause. NH Post. C Lyddars | - The Jounal of |, 2001 - Am Assoc Immnol

e COMplets medium for 36 h Cells were lysed in Nonidet P-20 lyais buffer, and 1 ml of lysate

comaning 0 5 mg of protein was nc ubated with 10 yl of packed ghtathione-agarss beads coated

with 4 pg of GST.CO28 COZ8A193, or p58 KIR clone 6 CYT fusion proteins for 30 min ...

Citado por S2  Articulos relacionados  Las 4 versiones  Citar  Guardar

Covalent dmerization of CD28/CTLA-4 and oligomenzation of CO80/CDS8E requlate T |be.org HTML]
cell costimulatory interactions

JAL Graena, GM Leyiza J Emswilar, R Paach . - Jowrnal of Biclogeal 1996 - ASBMB

i Polymerase chan reaction products encoding the extras ellular domans of CD28 and CTLALIg

(9 .., ig fusion proteins were produced by transiently transfected COS cals or stably transfectsd .., ovary

colls and purified by affinity chromatography on immobidized protein A-Sepharose ...

Citado por 172 Aticuos mlasionados  Las 4 versiones  Ctar  Guardar

Binding of the B cell activation antigen B7 to CD28 costimulates T cell proliferation fUpess org [POF]
and interleukin 2 mRNA accumulation

PS Linsiey, W Brady. L Grosmaire. A Andfo - The Joumal of | 1951 . jem nupress ong

v the functional activites of 67 1g and CO28 1g. we first tested binding to CHO cell lines axprassing

CO028 or B7 In earfy expenmants m;mm;mmmwsmnmmda

# source of fusion protein, while = later experiments, pmhimmmﬂ(ﬂg 5

Citado per 1164 Articulos relaci Las 13 rda

Treatment of rheumatoid arthnts by selective inhibition of T-cell activation with  researchgate.net [PDF]
fusion protein CTLA4Ig

JM Kremer, R Westhovens M Leon - England Joumal of | 2003 - Mass Modics Soc

1 A fuslon protein — cytotoxic T-lymphos yte-associated antigen d-19G1 (CTI.MM — i tha first
n a new class of drugs known as costimulation ., CTLAZIg binds to CDS0 and CD86
antigen-presenting cells, bocking 1he engagement of CD28 on T cells and preventing l’ccl...
Citado por 581 Anticulos mlacionados  Las 11 versiones Citar  Guardar

CD28 and CTLA-4 have opposing effecis on the response of T cells to stimulation TUpress org (POF]
MF Krummel JP Alkscn - The jounal of expsomental medcne, 1995 - jem rupress org

1o Thes higher afinity probably accounts for the ability of the CTLA-S Ig fusion protein to block

costimulation in vitro (10. 12) and 10 suppress graft reection and antibody prochucton in vivo

(19, 20) Wivls the abilty of CTLA-4 fusion proteins to bind CD28 Igands and block T cel ...

Citado por 1065  Amticulos relacwonados  Las 11 verssones  Citar Guardar

Adenovirus-mediated gene transfer of CTLA-41g fusion protein in the suppression of
experimental avtoimmune arthntis

E Quattrocchn. M) Daliman . - Arthntss & Rheumatsm 2000 - Wiley Online Library

s Blockade of CO28-87 mteractions with soluble CTLA-2Ig fusion protein (which binds ... inhibxtion

of thes costimulatory pathway may ba regured, md the adenovins-mediated gene-transfer

tec hnology 15 very efficient in achieving of proteins in vivo ..,

Citado por 65 Articulos refacionades  Las & versnones Citar Guaruar

Growth factor receplor-bound protein 2 SH2/SH3 domain binding 1o CD28 and its rola (n |be.org [HIML]
co-signaling

HH K. M Tharayil, CE Rudd - Joumsl of Biclogical Chemistry, 1998 - ASBMB

o Anciysis of CD28 binding by SH2 and SH3 domans of Grb2 A and B, CD28 protein

coexpressed with Lok by the baculovings system was preciptated with GST-Gihb2 fusion

proteins (1 pg) or ant.CN28 {48 10) plus rabba ank-mouse ...

Citado por 120 Aticudos relacionados  Las 5 versiones  Caar  Guardar

CD3/CD28 costimulation-induced NF-kB activation is mediated by recruitment of asm.org [HIML]
protein kinase C-8, Bcl10, and 1xB kinase B to the immunological synapse through

D Wang RMatsumoto, ¥ You, T Che . - and celludar bioiogy, 2004 - Am Soc Microbiol
vee (‘Anwu aMAGl.Kdomanummm protein. plays an essantiad roie in CO3 ... MAGUK

< W pi y involved m organzation of multiprotein complexes ... kB
tion, aty i d 2 Bei0-CARMAACD) fusion protein effoctively rescues ..
Cntaoowri% Mncuosmlaclmaoes Las 11 versiones  Citar  Guardar
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Cuslguser pals = Cunlquest ia0ma = Antos ded 29 Jul, 2011 ~ Orgenar por rokev o

Articulos academicos para PROTEIN OF fusion CD28 AND

CLA4

COE9. an LYS-4he protein expressed i buman - Daves - Meocionado por 535
ﬁm two Ste2C-relaled protein kinases regulating lon . - Gagnon - Moncicrads

por

Polypeptads fragmests of human PAKS pratein kinase - Plowrman - Mencorado por I

Mechanism for down-regulation of CD28 by Nef

www nctilnim nin goy > » PubMed Central (PMC) ~ Traducir esta pagina

par T Swagut - 2001 - Mencionado por 210 - Aticules relacionados

23 g0 2003 - In cels expeassing & Nef-green Nuorescent proteln [GFP) tusion, CO28
colocalizrs with the AP-2 clathnr adaptor and Ned-GFP Mutations that denipt Ned

B70 antigen is a second ligand for CTLA-4 and CD28.

waw nchinim.nin govipubmed/7654163 ~ Traducir esta pagina

por M Azuma - 1153 - Menclonado por 954 - Aticuios relacionacos

£ pov. 1993 . Interaction between CD28 and B7 results in patent costemulation of T7cal
a CTLALY FobxAin fusion protein to human B-4ymphobiasiond cal lines and,

The Cdc42 Effectors Ste20, Ciad, and Skm1 Down-Regulate ..,

waw ncbinimonih gov)  + PubMed Central (PMC) ~ Traducir esta pagna

por M Lie - 2009 - Menconado por 14 - Aticules relacionados.

T oct 2009 - 51e20 and Clod also bed 1o Bem?!, 7 scatiold proteln that brings Cocd2,
However, the GFP-NLS fusboa profein was found in the cylopizsm (data not

hown)

Faitajni edad)

Refolding and characterization of recombinant human GST ...

waww ncti nim nih govipubmed/ 14970611 = Traducr esta paging

por DWW L) - 2004 - Menconado por § - Articulos retaonados

15 fob, 2004 . Pmgrammed death. (PD-1) s a costimudatocy molecule of CD28 family
The fusion protein GST-PD-1 was effectvely sxpressed m E coh BL21 ([DE3) as

A D- A 273 493 nO eompoleting

waw gt miIlcgl-DiVGetTRDOC?AD=ADA2TI492 = Traduclr esta pagna

por T Lindsten - 139 . Mencionade por 283 - Aticulos mlacicnados

3 ago 2008 - rects the constautive sxpression of Tesion proteins in whch cytotoxic T
ciptated by CD28 mAb 9 3 under reckic ng condtions from similady in CLAA (17)

New Treatments for Lupus by Danlel J. Wallace, MD

es shdeshare net//new-treatments-for-iupus-by-dan. .. » Traducir esta pagna
2 jul 2008 - <ul><i>COBIES CORB is one of (he best ¢harasisnzed costimulalony
pattways  activator) Rend cancar Lavkemia Amti-C0208 (TGN1412) Tumons Anti-CLA-
4 APRIL culb<i>Alacaept 13 3 fusion prolein fomed between the extracelhilar

Management of Prostate Cancer - Mayo Medical Laboratories

waw mayomedcalladoratones comvarticies/ /03 M~ Tracucir esta pagna

Lmar 2000 - Fusion of TMPRSS? with ERG results in androgen regutation of ERG and

= detected n  Ligand activation tnggers dissociation of the AR-heat shock protein

complee. with CD28) berwds to Ihe sama ligands peagert on anbigen-presanting cels
alingenic whole cell-based, Atrasentan Sipuleuc el T and GVAX, anti CLAS

cd59, an lyé-like protain expressed in human lymphoid celis ...
Jom rupress orgicontent/ 1 7073637 ful paf = Traducir esta pagina

por A Daves - 1585 - Mencionado por 535 - Anticulos reéacionados

£ nov, X004 - proted o with the by of the C3 converting ercymes bath

of the clas- sical and . CAMPATH-Z) were obtained from the fusion of 3 DA ral splesn

with the mysloma lrw Negative CLAA Negative HALM-1. Negative Negatwe
NALMSE Negative Molecular cloning of 2 CD2 cDNA by a high efficiency

C-C Chemokine Receptor 4 Expression Defines a Major ..

WA Smmunct orgicontent/ 166/1/103 Rl = Tracucir esta pdgna

por DF Andrew - 2001 - Menci por 186 - Anticuk 3

1 ere 2001 - The lear cells were allowsd 10 adhers jo protein-costed plastc
for 2-3 0 soe-welt Faicon plates were cogted overnight with 10 pg/mi arti-COZE 300 2
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Web Imagenes Noticias Videos Mas = Herramientas de busqueda
Cualquier pais = Cualquier idioma - Antes del 29 jul. 2011 ~ Ordenar por rel
CTLA-4 - igb

www.igb.es/reumatologialfichas/ctla.html ~

22 may. 2009 - Sin embarge, mientras que la CD28 lanza una sefial estimulante, la
CTLA4 envia ... Se han utilizado proteinas de fusion de la CTLA-4 con anticuerpos
enel ..

moléculas accesorias, cd28, revista de inmunoalergia ...
encolombia.com » ... » Revista de Inmunoalergia » Volumen 09 n® 4 =

1 feb. 2002 - EI CD28 humano presenta extensa homologia al CD28 de otras especies
de ... IL-4 al blequear las interacciones CD28/B7 con la proteina de fusion hCTLA4-Ig (
16). ... El antigeno asociado al linfocito T citolitico (CTLA-4), deriva su nombre de ..

Versidon HTML - Acta Médica Colombiana
www.actamedicacolombiana.com/anexo/articulos/02-2002-08.hitm ~

1 sept. 2002 - Palabras clave: moléculas coestimuladeras, inmunomedulacién, CD28,
CD 152, ... Es asi como al utilizar la molécula CTLA-4 como proteina de fusion que

Co-receptor negativo en linfocitos T. Interaccion CTLA-4 y ...
www_portalesmedicos.com/._/Co-receptor-negativo-en-linfocitos-T-Inter_.. =

por AY Gonzalez - Articulos relacionados

13 ago. 2010 - Algunas de estas proteinas son moléculas de adhesién y otras dan lugar
a ... IL-4 al bloguear las interacciones CD28/B7 con la proteina de fusion CTLAA Ig.
De ..

FOFl Eficacia de abatacept en la artritis reumatoide. Actualizacion
files.sld.cu/reuma/.. /eficacia-de-abatacept-en-la-artritis-reumatoide. pdf =

1jul. 2010 - CTLA4, que tiene efectos contrarios al. CD28, se expresa también en la
superficie del linfocito T3,4. El abatacept, es una proteina de fusion recombinante ...

FPFlDescargar - Telmeds.org
www.telmeds.org/wp-content/.../Resumen-del-capitulo-9-del-Abbas1.pdf ~
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CUTTING EDGE

L5 IMMUNOLOG?

Cutting Edge: Monovalency of CD28 Maintains the
Antigen Dependence of T Cell Costimulatory Responses’

Kevin M. Dennehy,*" Fernando Elms, * Gabrielle Zeder-Lutz,” Xin Ding,® Daniéle Altschuh,”

Fred Liihder, " dnd Thomas Humg

CD28 and CTLA-4 are the major costimulatory receptors
on naive T cells. But it is not clear why CD28 is monova-
lent whereas CTLA-4 is bivalent for their shared ligands
CD80/86. We generated bivalent CD28 constructs by fus-
ing the extracellular domains of CTLA-4 or CD80 with
the intracellular domains of CD28. Bivalent or monova-
lent CD28 constructs were ligated with recombinant li-
gands with or without TCR coligation. Monovalent
CD28 ligation did not induce responses unless the TCR
was coligated. By contrast, bivalent CD28 ligation in-
duced responses in the absence of TCR engagement. To ex-
tend these findings to primary cells, we used novel super-
agonistic and conventional CD28 Abs. Superagonistic Ab
D665, but not conventional Ab E18, predominantly li-
gates CD28 bivalently ar low CD28/Ab ratios and in-
duces Ag-independent T cell proliferation. Monovalency
of CD28 for its natural ligands is thus essential to provide
costimulation without inducing responses in the absence
of TCR engagement. The Journal of Immunology, 2006,

176: 5725-5729.
I tates tight control of effector mechanisms by positive
and negative regulatory receptors. CD28 and CTLA-4
comprise one such pair of costimulatory receptors controlling
proliferation and differentiation of naive T cells (1, 2).
Almost all physiological responses of naive T cells require co-
stimulation via engagement of the clonotypic TCR by the ap-
propriate Ag/MHC and by CD28 and its ligands CD80 and
CD86 (3). Under exceptional circumstances, triggering of the
TCR/CD3 complex alone is sufficient to induce proliferation.
Examples include stimulation with CD3-specific Abs at high
surface density (4) or physiological responses to high avidity Ag
from the noncytolytic lymphocytic choriomeningitis virus (3,
5). At the other extreme of costimulatory responses, CD28-spe-
cific Abs referred to as “superagonists” are able to induce pro-

he destructive potential of the immune system necessi-

liferation without TCR engagement (6, 7). But the mechanism
of superagonist Ab stimulation remains obscure, and there is no
physiological equivalent of such T cell activation.

Although CD28 and CTLA-4 are both homodimers, they bind
to their shared ligand, CD80, differently (Fig. 14). The cocrystal
structure of CTLA-4 and CD80 shows that the two Ig domains of
CTLA-4 form a V structure in which each arm is accessible to bind
separate CD80 molecules (8). Because CD80 is predominantly
also a bivalent homodimer, CTLA-4 and CD80 form an unusually
stable lattice structure. Biacore studies demonstrate that CD28, in
contrast to CTLA-4, is functionally monovalent (9). To date there
is no crystal structure of the CD28 homodimer. However, the
structure of the human CD28 monomer in complex with a super-
agonist CD28 Ab Fab' has recently been solved (10). Modeling
based on this structure suggests that the CD28 Ig domains are ar-
ranged in a U structure. Although both arms are available for li-
gand binding, simultaneous binding of separate CD80 monomers
would be prevented by a physical clash of the C-set domains. The
CD28 homodimer is thus functionally monovalent, whereas
CTLA-4 is bivalent.

In this study, we have addressed the influence of valency on
CD28 function using CD28 chimeric molecules and superago-
nistic CD28-specific Abs. We show that monovalency of CD28
is essential for physiological costimulation. Monovalent liga-
tion of CD28 induces efficient costimulation without inducing
responses in the absence of TCR ligation, whereas bivalent li-
gation with natural ligands alone induces T cell activation.
These results indicate that monovalency of CD28/ligand inter-
actions is an important safeguard that keeps T cell activation
under the control of the TCR under physiological conditions.

Materials and Methods

Abs, cell lines, and constructs

Abs to rat TCRa (R73), and recombinant rat CTLA-4IgGFc have been de-
scribed previously (11, 12). Recombinant mouse CD28IgGFc and human
CD80IgGFc were from R&D Systems, sheep anti-mouse IgG was from Roche,
and mouse anti-human IgG was from Dianova.

Chimeric CD28, comprising the extracellular region of rat CD28 (rCD28)?
and the intracellular regions of mouse CD28 (mCD28), and chimeric mCD28,
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grafted with the human C'D loop (aa 60—65) and the rat ligand binding region
(m/rCD28 1-66), have been described (7). To generate the CTLA-4mCD28
chimera, mCD28 intracellular domains amplified using 5'-TTTGGATCCTG
GTCGTGGTTGCTGGAGT-3" AND 5'-ATATAAGATCTTCAGGGGC
GGTACGCTGCAAA-3" were digested with BamH1/Bg/11. The human
CTLA-4 extracellular domain was amplified using 5'-CAGAATTCCACCAT
GGCTTGCCTTGGATTTCAGCG-3" and 5'-CAAGGATCCAGAGGAG
GAAGTCAGAATCTGGGCACG-3', digested with EcoR1/BamH1, and li-
gated with the mCD28 fragment into pczCFG5IEGN EcoR1/BamH]1. The
chimera comprises CTLA-4 aa M1-1166 fused to CD28 aa L154-P218.

For generation of CD80mCD28 chimera, CTLA4mCD28 intracellular do-
mains were amplified using 5'-CCAGAAGACCCTCCTGATTCAGACTTC
CTCCTTTG-3" and 5'-ATATAAGATCTTCAGGGGCGGTACGCTG
CAAA-3" and digested with Bbv11/Bgl11. The rCD80 extracellular domains
were amplified using 5'-TTGAATTCCACCATGGCTTACAGTTGC
CAGCTGA-3" and 5'-ATAGGATCCAGGCAAACGGAATTGT-3', di-
gested with EcoR1/Bbv11, and ligated with the CTLA4mCD28 fragment into
pczCFG5IZ EcoR1/BamH1. The chimera comprises CD80 aa M1-P244 fused
to CTLA-4 aa D159-1166 and CD28 aa L154-P218. Constructs in
pczCFGS5IZ/IEGN were transduced into 58 cells as described (7).

Stimulation, ELISA, and proliferation assays

For costimulation of cell lines (/anes 2 and 3 in Fig. 1, Band C, and Fig. 2B),
plates for nonadherent cells (Greiner Bioscience) precoated with sheep anti-
mouse IgG were coated with 2 ug/ml TCR Ab, washed, and then coated with
10 pg/ml protein G (Sigma-Aldrich) to ensure immobilization of ligands con-
taining human IgGFc. CD28 chimeras were ligated by the addition of 2 pg/ml
CD80/CD28/CTLAA4Ig fusion proteins to 4 X 10° cells/ml in solution imme-
diately before plating. For stimulation of CD28 chimeras alone (/zne 4 in Fig.
1, Band C, and lanes 4 and 5 in Fig. 2B), plates were coated with mouse anti-
human IgG, washed, and then coated with 10 pg/ml protein G’ (Sigma-
Aldrich) to ensure high surface density of ligands. Cells were mixed with 10
pg/ml soluble CD80/CD28/CTLA4Ig fusion proteins immediately before
plating. IL-2 in the supernatant was assayed after 2-3 days using Opti-EIA kits
(BD Biosciences).

For Fig. 4C, CD4™ T cells purified by nylon wool passage (1 X 10/ml) were
labeled with CFSE and stimulated with 10 ug/ml E18 conventional or D665
superagonistic CD28 Abs on plates precoated with sheep anti-mouse IgG. After
4 days, CFSE dilution was measured by flow cytometry. Stimulation of purified
T cells with all superagonistic mAbs require the addition of 5-10 ug/ml mAb to
cells in solution on plates, such as anti-mouse IgG-coated plates, that allow
mADb immobilization at high density as described (6). For costimulation, CD28
mAbs can be added in solution at 10- to 100-fold lower concentrations to cells
on TCR mAb-coated plates as described (13).

Generation of mouse anti-mCD28 Abs and surface plasmon resonance

CD28'" mice (B6.12952-Cd28"™"™2¥/] from The Jackson Laboratory) were
immunized alternately with A20 cells expressing mCD28 i.p. and with recom-
binant mCD28Ig s.c. in TiterMax (Alexis). After boosting i.v. with CD28lg,
splenic cells were fused with X63Ag8.653 cells as described (7).

Abs were captured at 51-53 resonance units (RU) or 62-64 RU for D665
and E18, respectively, on an anti-mouse coated CM5 sensor surface (BR-1000-
14; Biacore), and CD28Ig was repeatedly injected at concentrations of 1000 or
20 nM. Stoichiometry was calculated using the following equation: stoichiom-
etry = (RUL/RU ) X (MW,4,/ MW ,,,), where MW is molecular weight.
Binding of CD28 at 1000 nM to D665 and E18 was comparable, with stoi-
chiometries of >1.5 CD28 homodimers per Ab, indicative of monovalent
CD28 binding. Based on the assumption that both Abs bind with a stoichiom-
etry of 2 at 1000 nM, stoichiometries were corrected assuming that 80 and 65%
of D665 and E18 paratopes, respectively, are active.

Results
Bivalent ligation of CD28 with natural ligands induces IL-2 production

in 58 TCRap cells

To study the effect of CD28 ligation valency on costimulation,
we first generated an experimental system that mimics physio-
logical costimulation. We used 58 cells transduced with rat
TCR, which produce only low levels of IL-2 after TCR ligation
with R73 Ab (Fig. 1B) (7). 58 cells do not express detectable
endogenous CD28, making this cell line appropriate for inves-
tigating the signaling capacity of ectopically expressed CD28
constructs. Stimulation of 58 TCRaf3 cells ectopically express-
ing wild-type CD28 with recombinant CD80Ig did not induce

CD80Ig

%) 7 R ll,m,ll

CD28 CTLA-4 CTLA4mCD28

B 58 TCRaf CD28 WT
unstimulated
oTCR
oTCR + CD80Ig
CD8olg

0 30 60 90 120

interleukin-2 (pg/ml)

C

58 TCRo CTLA4mCD28

unstimulated
oTCR

oTCR + CD80Ig
CD8olg

0 50 100 150 200
interleukin-2 (pg/ml)
FIGURE 1. Bivalent ligation of CD28 with recombinant CD80Ig induces
IL-2 production in 58 TCRaf cells. A, CD28 is monovalently ligated, whereas
CTLA-4 is bivalently ligated by recombinant CD80Ig. The bivalent construct
CTLA4mCD28 was generated by fusing the extracellular domains of CTLA-4
with the intracellular domains of CD28. B and C, 58 TCRaf3 cells expressing
wild-type (WT) CD28 (B) or CTLA4mCD28 (C) were stimulated as indi-
cated, and IL-2 production was measured by ELISA.

IL-2 production. However, costimulation via this receptor-li-
gand interaction induced high levels of IL-2 (Fig. 1B). Our sys-
tem using 58 TCRaf cells expressing CD28 therefore corre-
sponds to physiological costimulation with natural ligands in
regard to the requirement for the ligation of both the TCR and
CD28 in the induction of a functional response (6, 14).

Next, we generated a bivalent form of CD28. The extracel-
lular domain of human CTLA-4 was fused with the transmem-
brane and intracellular domains of mCD28. The chimera, re-
ferred to as CTLA4mCD28, was expressed on 58 TCRaf3 cells
at comparable levels to those of ectopically expressed wild-type
CD28 on this cell line (data not shown). Stimulation of 58
TCRaf3 CTLA4mCD28 cells with TCR-specific Ab induced
low levels of IL-2 production, which were markedly increased
upon costimulation with CD80Ig (Fig. 1C). Importantly, stim-
ulation of these cells with CD80Ig alone induced substantial
IL-2 production. In this system, bivalent ligation alone is thus
sufficient to induce cytokine production. Monovalent ligation
of CD28 provides an efficient costimulatory stimulus but has
no effect without TCR engagement.

A caveat of this interpretation is that we use an overexpression
system to compare cell lines that may have differential sensitiv-
ity to costimulatory signals. To address these concerns, we de-
signed an experimental system in which we directly compare
differential ligation in the same cell line. By reversing the recep-
tor-ligand pairs, we generated a CD28 chimera expressing the
extracellular domains of CD80 fused to the intracellular do-
mains of mCD28 (Fig. 24). In contrast to Fig. 1, where we
compare different CD28 constructs sharing the same ligand, we
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FIGURE 2. Ligation of CD28 with bivalent but not monovalent natural li-
gand pairs activates 58 TCRaf cells. A, A chimera comprising the extracellular
domains of CD80 and intracellular domains of CD28 was stimulated with
monovalent CD28Ig or bivalent CTLA-4Ig. IgGFc domains are not shown. B,
58 TCRaf cells expressing CD80mCD28 were stimulated as indicated, and
IL-2 production was measured by ELISA.

now compare differential ligation of the CD80mCD28 con-
struct by monovalent CD28Ig or bivalent CTLA4Ig ligands.
Ligation with monovalent CD28lg did not induce IL-2 pro-
duction but provided an efficient costimulatory stimulus (Fig.
2B). By contrast, bivalent ligation with CTLA4lg induced IL-2
production in the absence of TCR ligation.

Bivalent ligation of CD28 induces Ag-independent proliferative
responses of primary peripheral T cells

To extend these findings to primary cells, we used novel Abs to
mCD28 corresponding to previously described superagonistic
and conventional Abs (6, 7, 13). Superagonistic Abs, such as
5.11A in human and JJ316 in rat, bind the laterally exposed
C'D loop of CD28 and induce T cell proliferation without
TCR ligation. Conventional Abs, suchas JJ319 in ratand 37.51
in mouse, are strictly dependent on TCR ligation to induce T
cell activation. For binding to CD28, both conventional Abs
require integrity of residue 98 adjacent to the CD80 ligand
binding loop and, thus, likely reflect natural ligand binding al-
though with higher affinity. Two Abs (D665 and E18) that
bound comparably well to mCD28 expressed on L cells (Fig. 3)
were chosen. D665, hereafter referred to as a superagonistic Ab,
induced proliferation of purified T cells, whereas E18, referred
to as a conventional Ab, did not (data not shown, Fig. 4C).
Binding of D665 to mCD28 grafted with the human C'D loop
was severely diminished, whereas E18 binding was not affected.
D665 therefore binds an epitope corresponding to that recog-
nized by previously described CD28 superagonists (7). Binding
of E18 to mCD28 grafted with the ligand binding region of
rCD28 was abolished, but D665 binding was not affected.
Given that the only difference between mouse and rat in the
ligand binding region in the CD28 Ig domain is residue 98,
E18 binds an epitope corresponding to that recognized by pre-
viously described conventional CD28 Abs.

We used surface plasmon resonance to assess the valency of
CD28 for binding to D665 and E18 Abs. The two Abs were
immobilized on a sensor surface at comparable levels and al-
lowed to interact with recombinant CD28Ig homodimer in-
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FIGURE 3. D665 Ab binds the C'D loop of mCD28, whereas E18 Ab
binds to the ligand binding region. Binding of D665 (middle panel) and E18

(right panel) to L cells expressing CD28 constructs schematically depicted on
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the /eft is shown. Unshaded histograms show negative control staining.

jected on the surfaces at either high (Fig. 44) or low (Fig. 4B)
concentrations. At high concentrations, binding of CD28 to
the two Abs was comparable with stoichiometries approaching
2, indicating that two CD28 homodimers are monovalently
bound per Ab (Fig. 4A). Postinjection phases were similar, in-
dicating similar dissociation rates and suggesting that the Abs
have comparable affinity for CD28 (data not shown). At low
concentrations, CD28 was bound by an E18 conventional Ab
at a level approximately twice that of the D665 superagonist
(Fig. 4B) with maximal stoichiometries of 1.6 and 0.7, respec-
tively. These data indicate that under these conditions CD28
homodimers are predominantly ligated monovalently by the
E18 conventional Ab but bivalently ligated by the D665 super-
agonist. The observation that the stoichiometry of the CD28/
E18 Ab was <2 suggests that a proportion of CD28 may also be
bivalently ligated by conventional Ab. The lower stoichiometry
0f 0.7 for CD28 complexed with the D665 superagonist, how-
ever, indicates that bivalent ligation of CD28 occurs more effi-
ciently by the D665 superagonist than by the E18
conventional Ab.

To more rigorously test our earlier conclusion that superago-
nistic Abs induce T cell proliferation without the need for TCR
ligation (6), we used C57BL/6 RAG ™/~ mice transgenically ex-
pressing OT-2 TCR in which the TCR repertoire is restricted
to one specificity (IA®/Ova). Stimulation with the D665 super-
agonist induced proliferation of transgenic T cells, and no pro-
liferation was induced by stimulation with the conventional Ab
E18. Because neither the Ag nor the presenting MHC class 11
molecule was present in these cultures, this experiment provides
an example of an artificial ligand that bivalently ligates CD28
and induces Ag-independent proliferation of primary T cells.

Discussion
The surprising finding that CD28 is monovalent whereas
CTLA-4 is bivalent raises a variety of questions on the mecha-
nisms of T cell costimulation. We show here that CD28 must
be monovalent to induce a costimulatory responses without in-
ducing responses in the absence of TCR engagement.

We use superagonistic Abs to demonstrate that, if appropri-
ately ligated, CD28 has the potential to induce Ag-independent
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FIGURE 4. Superagonistic Ab D665, but not conventional Ab E18, bivalently ligates CD28 at low CD28/Ab ratios and induces Ag-independent proliferation
of primary T cells. A and B, Recombinant CD28Ig at concentrations of 1000 nM (A4) or 20 nM (B) was injected over a sensor surface with D665 (black line) or E18
(gray line) immobilized at comparable levels, and binding was measured over time. C, CFSE-labeled CD4™ T cells from C57BL/6 RAG ™/~ OT-2TCR transgenic
mice were stimulated with D665 (shaded histogram) or E18 (open histogram), and proliferation was measured by CFSE dilution after 4 days.

T cell responses in primary peripheral T cells. We show in cell
lines that such responses are also induced by bivalent ligation
with natural ligands. By contrast, monovalent ligation with
CD80Ig or the E18 conventional Ab induces efficient costimu-
latory responses without inducing responses in the absence of
TCR ligation. We therefore conclude that monovalency of
CD28 for its natural ligands is essential for its costimulatory
function.

From the cocrystal structure of CD28 monomer and super-
agonistic 5.11A Fab’, it is evident that this Ab bivalently ligates
CD28, likely forming a CTLA-4-CD80 lattice-like structure
(10). Surface plasmon resonance data indicate that mCD28 is
also bivalently ligated by the superagonistic Ab D665 and pre-
dominantly monovalently ligated by the E18 conventional Ab
(Fig. 4). We note that some other conventional Abs bivalently
ligate CD28lg fusion proteins (9, 10). But it is not clear
whether this observation also holds true for binding of these Abs
to cell surface-bound CD28. For example, the conventional hu-
man CD28-specific Ab 7.3B6 was shown by cryoelectromicros-
copy to ligate CD28Ig fusion proteins at an angle that may well
be incompatible with the structural constraints imposed on
neighboring CD28 homodimers by their insertion into the cell
membrane. Differences in the efficiency with which D665 su-
peragonistic and E18 conventional Abs bivalently ligate CD28
may provide an explanation for the mechanistic difference be-
tween stimulation with these Abs.

Because superagonists bind to a membrane proximal epitope
and parallel to the cell surface, whereas conventional Abs bind a
membrane distal epitope, Evans et al. (10) argue that the dif-
ferent topology of ligated Abs explain their different stimula-
tory capacities. Closer membrane approximation to the immo-
bilizing surface allowed by superagonists bound to CD28 may
prevent access of large phosphatases like CD45, allowing sig-
naling to proceed. By contrast, the extended structure of con-
ventional Abs bound to CD28 may prevent close membrane
approximation and allow access of phosphatases that limit sig-
naling. Our data do not support this interpretation, because our
ligated monovalent and bivalent recombinant ligands share the
same dimensions. We favor an interpretation in which the pe-
riodicity and increased stability of CD28 complexes in a lattice
formed by bivalent ligation (but not necessarily by all Abs that
bivalently ligate CD28) allow efficient assembly of signaling
complexes. The mechanisms of superagonist Ab stimulation re-
main, however, a moot point.

Another argument supporting the importance of monovalent
CD28 ligation comes from the comparison of the stability of
CD28 and CTLA-4 bound to CD80. Differential engagement
by CD8O0 results in an ~100-fold difference in stability (9).

Given that CTLA-4 is expressed only at low levels on activated
T cells or regulatory T cells, such differences in stability are
likely to be essential for effective CTLA-4 function (15-17).

Lastly, early pharmacological studies suggested that the
TCR/CD3 and CD28 signaling pathways are separate
(18-20). However, a number of signaling molecules essential
for TCR signaling, such as SLP-76 and Vav, are phosphorylated
during superagonistic Ab stimulation (14). Moreover, although
ligation of the TCR is not required for superagonistic signaling,
expression of the TCR/CD3 complex is required (7). We there-
fore argue that CD28 is not an autonomous receptor. A likely
explanation may be that CD28 signals amplify TCR signals
downstream of TCRE, ZAP70, and LAT (linker for activation
of T cells) at the level of the SLP-76 signalosome (14). Mono-
valent ligation of CD28 with either natural ligands or conven-
tional Ab may provide a physiologically relevant amplification
system, allowing costimulatory signaling without inducing re-
sponses in the absence of TCR ligation. In contrast, bivalent
ligation may induce an amplification loop that amplifies the
tonic TCR signals, which are required by T cells (21, 22), to a
level that suffices to trigger functional T cell responses. In this
scenario, bivalent CD28 ligation would induce a physiological
but dysregulated signaling pathway. In this respect, superago-
nistic Abs will be an invaluable tool to dissect TCR and CD28
signal integration.
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